Physical inactivity and muscle weakness in the critically ill.
Patients in the intensive care unit commonly develop muscle weakness. In part, this reflects loss of mechanical loading due to physical inactivity, bed rest, or immobilization. Mechanical unloading stimulates a complex adaptive response that results in muscle atrophy and loss of specific force. One element of this response is slowing of protein synthesis, which is regulated by signaling pathways downstream of mammalian target of rapamycin and insulin-like growth factor-1. In parallel, protein degradation is accelerated via three coordinate processes: calcium-dependent proteolysis, adenosine triphosphate-dependent proteolysis, and lysosomal proteolysis. Finally, unloading stimulates apoptosis of a subset of myonuclei within multinucleated muscle fibers. This helps to stabilize the relationship between nuclear number and cell volume during atrophy. Each of these responses is promoted by concurrent development of oxidative stress caused by increased production of reactive oxygen species in unloaded muscle fibers. Countermeasures that lessen the effects of unloading include physical activity, nutritional supplements, hormone therapy, and antioxidant administration. Targeted research is needed to define the role of mechanical unloading in intensive care unit-associated weakness and develop countermeasures to preserve muscle function, lessen illness, and hasten the recovery of critically ill patients.